The temperature dependence p(T ) of the majority-carrier concentration in a semiconductor reflects important information on dopants and traps. Although there are some methods for determining the densities and energy levels of dopants, it is difficult to evaluate them accurately.
1-4) Therefore, a new method was proposed and tested experimentally. [1] [2] [3] [5] [6] [7] In this method, [1] [2] [3] [5] [6] [7] the function to be evaluated is defined by
where T is the temperature, k is the Boltzmann constant and E ref is the parameter. S(T, E ref ) has its peak at a temperature corresponding to each dopant level or each trap level. Thus, using each peak temperature and peak value, the corresponding energy level and density can be accurately determined. This analysis was applied to p-type silicon (p-Si) irradiated with a low fluence (< 1 × 10 14 cm −2 ) of 10-MeV protons, 2) and nitrogen (N)-doped 4H-SiC, 3) and then reliable values were obtained in these low-resistivity semiconductors. On the other hand, the method could not be applied to p-Si irradiated with a high fluence (≥ 1×10 14 cm −2 ) of 10-MeV protons, because the resistivity of p-Si increased following high-fluence irradiation. This is why an improved function
Let us consider one type of acceptor (acceptor density N A and acceptor level E A ) and one type of donor (donor density N D ) in a p-type semiconductor. From the charge neutrality condition, p(T ) is obtained as
where
with F A (T ), the function to be evaluated is defined by
where E F is the Fermi level, E V is the energy level at the top of the valence band and g A is the degeneracy factor of acceptors. The function in eq. (3), has a peak value of N A exp(−1)/kT peak at
Even when no peak appears in the measured temperature range with E ref = 0 eV, furthermore, the peak temperature of S(T, E ref ) can be shifted to the measured temperature range by changing E ref .
To determine reliable values of N A and E A using the peak value and peak temperature, F A (T ) should be less dependent on T .
To obtain a function less temperature dependent than
Substituting the p(T ) in eq. (2) for one of the p(T ) in eq. (6) and substituting
for the other p(T ) in eq. (6),
and N V (T ) is the effective density of states in the valence band, which is given by 8) 
In Fig. 3 
, S(T, 0.315), F A (T )/F A (200), H (T, 0.617) and I A (T )/I
and N V0 is a constant. Since the numerator of I A (T ) is constant, I A (T ) is considered to be less temperature dependent than F A (T ).
To compare I A (T ) with F A (T ) from the viewpoint of temperature dependence, two types of high-resistivity p-Si are considered: (1) Case A with E A − E V = 0.19 eV, N A = 5.0 × 10 14 cm −3 and N D = 1.0 × 10 14 cm −3 , and (2) Case B with E A − E V = 0.64 eV, N A = 6.6 × 10 18 cm −3 and N D = 1.4 × 10 10 cm −3 . Figure 1 shows p(T ) and E F − E V simulated using eqs. (2) and (7) for both cases. 
